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ABSTRACT
Background: Diabetes is increasing rapidly in South-East Asia. Studies have reported typical 
risk factors associated with all-age adult diabetes and highlighted the roles of economic 
transition and childhood development factors in diabetes in later life. However, little is known 
about whether these factors were associated with young adult diabetes risk.
Objectives: The study has two main aims: (1) estimate diabetes prevalence among adult 
participants of the Indonesian Family Life Survey (IFLS), and (2) identify childhood develop-
ment factors associated with early-onset adult diabetes (diagnosed between age 20 and 40) 
in Indonesia.
Methods: Data were taken from adults participating in 4th and 5th IFLS (in 2007 and 2014) 
and linked to childhood history from previous surveys. Diabetes was ascertained from self- 
report and HbA1c testing in a subsample. Diabetes prevalence rates were estimated by age 
and source of diagnosis. Cox regression analysis was applied to assess potential risk factors 
for early-onset adult diabetes.
Results: A total of 34,767 participants were included in the study. Crude total prevalence 
estimate from self-report was 2,3% and increased with age. Including HbA1c measurements 
yielded nearly eight times higher prevalence estimates, depending on age. The proportion of 
yet undiagnosed cases is considerably higher in young age groups. Regression analyses 
showed that urban childhood residence and high education increased early-onset diabetes 
risk by 50–70%. Sex, childhood general health, socio-economic level and starvation exposure 
were not associated with early-onset diabetes risk.
Conclusion: Remarkable differences between diabetes prevalence rates based on self-report 
and HbA1c measurement indicated the need for better diagnosis, especially in young adults. 
Urban childhood residence and high education increased early-onset adult diabetes risk. 
Incorporating these factors and diabetes awareness in existing child health programs, 
together with screening of individuals at risk, could improve early diabetes detection and 
prevention strategies among young urban Indonesian adults.
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Background

Indonesia is a lower-middle-income country (World 
Bank classification) [1] that struggles with the double 
burden of communicable and non-communicable 
diseases. The last decades have seen a particular rise 
in one chronic non-communicable disease, diabetes 
[2], a condition that is estimated to be among the 
higher premature mortality causes in South-East 
Asia, after stroke and coronary heart disease [3], of 
which the age-adjusted prevalence increased from 
about 4% in early 1980s to 7% in 2014 [2]. The 
WHO estimated that diabetes accounted for 6% of 
all-cause, all-age mortality in Indonesia in 2012 [2,4]. 
The International Diabetes Federation reported in 
2020 that over 6% in approximately 172 million 
adults in the country suffered from diabetes [5]. 
According to The Indonesian Basic Health Research 
in 2013 and 2018, the national prevalence of diabetes 
(population age 15 and older) has been increasing, 

and most cases were in age groups of older than 45. 
A distinction of diabetes types was not clarified as 
diagnosis was confirmed by self-report, symptoms 
and blood glucose levels among participants aging 
15 and older [6,7].

The reported numbers on diabetes in Indonesia 
may actually be underestimated as there is a lack of 
public awareness of its symptoms and risk factors, as 
well as inadequate diagnosis and treatment available 
in the public health sector [6,8,9]. In 2013 the 
Indonesian Ministry of Health reported a crude dia-
betes prevalence of 6.9% based on blood glucose 
testing, while according to self-reported diabetes 
diagnosis, the prevalence was only 2.1%. In addition, 
approximately a third of the adult population showed 
pre-diabetes signs of impaired fasting glucose and 
impaired glucose tolerance [6]. The 2018 report esti-
mated a higher proportion of undiagnosed diabetes 
and similar rates of individuals with pre-diabetes [7].
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Many factors contribute to diabetes manifestation, 
namely familial history, ethnicity and unhealthy life-
style [10]. A number of studies have also linked 
environmental and other exposures to adult diabetes, 
for example inadequate or excessive gestational 
weight gain, gestational diabetes, chronic exposure 
to certain infections and pollutants such as 
Bisphenol A, iron and nicotine (smoking) [11–16]. 
Other studies suggested that early-life development 
factors such as malnutrition during pregnancy or 
infancy and change from lower-to-higher socio- 
economic between childhood and adulthood were 
related to biological modifications resulting in type 
2 diabetes in adults [17–21].

Studies in Indonesia have reported several of the 
known diabetes risk factors, including overweight 
and obesity, smoking, living in urban areas, and low 
education [6,22,23]. However, most of these studies 
did not focus on early-onset adult diabetes (diag-
nosed between age 20 and 40). One study was 
found to have observed a small number of young 
adults showed that unhealthy lifestyle was associated 
with developing diabetes regardless of family history 
[24]. In addition, little information could be found 
beyond the above-mentioned risk factors, particularly 
early-life and childhood conditions. Revealing the 
knowledge gap pertaining these young productive 
individuals may be key to early prevention of the 
foreseeable tremendous burden caused by diabetes 
and its comorbidities.

This study has two main aims (i) to investigate the 
prevalence of diabetes in a large cohort of 
Indonesians and (ii) to explore childhood develop-
ment factors potentially associated to the risk of 
early-onset diabetes.

Methods

Data

For this study, we retrieved data from several waves of 
The Indonesian Family Life Survey (IFLS). The IFLS is 
a longitudinal cohort study on households and commu-
nity facilities conducted in 13 out of 27 provinces of 
Indonesia, where approximately 80% of the population 
resided at the time of the first survey in 1993. Initially, 
22,347 members (including children) of 7,224 house-
holds selected by randomized stratified sampling were 
interviewed. Subsequent surveys in 1997, 2000, 2007 
and 2014 followed the same subjects and their expand-
ing families. In the two most recent surveys 44,103 and 
50,148 individuals were interviewed, from which data 
on 29,967 and 36,381 adults, respectively, were 
included. In these surveys (4th and 5th waves) data 
collection on diabetes among individuals older than 
15 years (considered adults in the survey) began, and 
in 2014 HbA1c testing on selected individuals (22%) 

were also added. A detailed description of the IFLS 
study, the sampling procedure for measurements, and 
data are available online at https://www.rand.org/well- 
being/social-and-behavioral-policy/data/FLS/IFLS. 
html [25–30].

The subjects in this study were adult participants 
age 15 to 95 who took part in either one or both the 
diabetes questionnaires in the 4th and 5th surveys. 
These questionnaires included history of being diag-
nosed with diabetes, by whom and when, as well as 
whether prescribed medication (on a weekly basis) 
was being taken and if insulin injection or other 
treatment was currently used as therapy. We 
retrieved socio-demographic information such as 
birth year, sex and education level, as well as data 
on childhood developmental factors (based on perso-
nal recollections up until age 15) namely, general 
health condition, history of starvation exposure and 
parents´ (breadwinner) occupation (based on perso-
nal recollections at age 12). Self-reported childhood 
information was only available from the 5th IFLS. 
Residence area in childhood was gathered from 
their mothers, whom were interviewed during the 
1st and 2nd IFLS.

The data available from the surveyor website as 
first linked using individual identity codes to gather 
all participants and variables of interest from both 
surveys. The dataset was explored to reveal missing 
data. Missing values in the study were results of loss 
to follow-up, interviewers’ error or the participant’s 
inability to answer. Additionally, missing data in 
childhood residence area could be because the parti-
cipants’ mother was not an IFLS participant. 
Observations with incomplete data were kept, and 
in variable childhood residence area the missing 
values were coded as unknown.

Education variables were grouped into low (from 
no formal education up to elementary school), mid-
dle (junior high and high school level) and high 
(college diploma and above). Information regarding 
childhood socio-economic level was taken from the 
reported parent’s occupation (low = unpaid family 
worker/casual worker, middle = self-employed/per-
manent employee, high = self-employed with work-
ers). History of starvation data were grouped into 
yes/no, as age-specific grouping resulted in few 
occurrences under age 5. Height and weight measure-
ments were used to calculate BMI, and the earlier 
value was chosen if available. The BMI variable was 
categorized according to the WHO Western Pacific 
recommendation, and missing values were coded as 
unknown [31].

Outcome ascertainment

The outcome of interest, diabetes, was obtained by 
self-report and when available, by HbA1c (glycated 
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haemoglobin) blood test result. During the 5th IFLS 
an HbA1c test was performed on a sample of study 
participants, regardless of their claimed diabetes sta-
tus [27,28]. The sampling method initially began in 
2007 (IFLS 4) with taking blood samples from inter-
viewed individuals aged 1 or older in a random half 
of the original households (IFLS 1) and its split-offs 
(former family members having their own house-
holds), intended to be tested for C-Reactive Protein 
(a biomarker for systemic inflammation). Then 
a sampling algorithm based on different age groups 
and same household was applied, with priority selec-
tion of those aged 50 and older. At the IFLS 5, blood 
samples from the same individuals were taken and 
measured for HbA1c. The method applied in the 
testing used dried blood spot samples, for which the 
surveyors had repeated validation checks showing 
consistent results to whole blood testing (correlation 
R2 range = 0.985–0.994). Individual sampling selec-
tion and the conversion algorithm to equivalent 
whole blood testing values are also available in the 
survey’s working paper [27,28]. An individual was 
considered to have diabetes when they reported ever 
being diagnosed with diabetes at both or at the 5th 

survey, or when their HbA1c value was ≥6.5%, if 
tested [32].

Statistical analysis

Age-specific diabetes prevalence in the cohort was 
estimated for the year 2014 based on age at that 
survey. For comparison, we calculated prevalence 
estimates based solely on self-report and estimates 
which included individuals with previously unknown 
diabetes and HbA1c measurement ≥ 6.5%.

Age at diagnosis was based on self-report or age at 
the 5th IFLS if diagnosis was established by HbA1c 
test during the survey. Female participants who were 
pregnant and diagnosed with diabetes at the 
same year of the survey were regarded as suspected 
gestational diabetes. These cases, as well as subjects 
younger than age 20 were included in the prevalence 
estimates.

To investigate the potential risk factors associated 
with early-onset diabetes, we applied Cox propor-
tional hazard regression in uni- and multivariable 
analyses. An event was defined as self-reported dia-
betes diagnosis or blood-tested HbA1c level ≥ 6.5% 
between age 20 and 40 years. Observation time was 
time since 20th birthday. Individuals below age 20 
were thus excluded in this analysis. Individuals who 
reported having diabetes before age 20 were also 
excluded as they were likely to have been type 1 
diabetes. End of observation time was defined as age 
at diagnosis for events or 40th birthday for non- 
events, whichever came first. Risk factors of interest 
were sex, education and childhood conditions i.e. 

socio-economic level, residential area, general health 
and starvation exposure. We did not employ a formal 
variable selection procedure such as backward elim-
ination but rather selected the variables by prior 
knowledge. We stratified the multivariable model 
analyses by birth year to reduce bias due to over-
representation of diabetes prevalence in those born in 
later decades, and included the household identity 
code as a cluster variable to adjust for familial 
diabetes.

In plausibility checks and sensitivity analyses we 
(i) performed logistic regression analysis to investi-
gate whether being tested for HbA1c was associated 
with age, sex, BMI and self-reported diabetes, (ii) 
excluded individuals aged 20 to 40 who had no 
HbA1c measurement since among this age group 
the diabetes cases among those who had no HbA1c 
measurement remained undetected, (iii) excluded 
individuals who developed diabetes after age 40 as 
it was possible that they were early-onset diabetes 
that were late-diagnosed and (iv) applied only self- 
reported diabetes to simulate an actual situation 
without screening. In addition, we (v) excluded indi-
viduals who had BMI of ≤ 23 kg/m2 and (vi) who 
also reported taking insulin as treatment. 
Furthermore, we (vii) included BMI in the Cox 
regression multivariable model.

All analyses were performed in R [33].

Results

A total of 34,767 participants remained after exclu-
sion due to non-participation in both diabetes ques-
tionnaires and death prior to the 5th IFLS (Figure 1.). 
Description of individuals with or without diabetes 
among the study participants in relation to age dis-
tribution at the 5th IFLS are described in Table 1. 
Diagnoses were confirmed by self-report and in part 
also by HbA1c test. There were 6.699 participants 
tested for HbA1c included in the analysis, and 8.4% 
were found to have levels ≥ 6.5% (age group details 
shown in Supplement Table S1). Approximately half 
of the participants who admitted having diabetes and 
had their HbA1c level tested stated they were not 
taking prescription medicine. High levels (≥ 7%) of 
HbA1c were found in a proportion of those who 
stated they were taking prescription medicine (details 
shown in Supplement Table S2). Individuals with 
a positive diagnosis admission or a positive HbA1c 
test for diabetes were considered diabetes cases. The 
prevalence increased with age, where more than 50% 
of diabetes cases were found in participants older 
than 50 years.

Table 1 demonstrates that a large proportion of 
diabetes cases were unknown to the individual, as 
seen in the proportion of all self-reported and 
HbA1c detected diabetes among tested individuals 
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in comparison to those who only self-reported dia-
betes. The discrepancies were more pronounced in 
younger ages. For example, in the age group 31– 
40 years the prevalence of self-reported diabetes 
among all and among tested individuals were 1.0% 
and 0.7%, respectively. However, If we added the 
individuals with increased HbA1c levels as diabetes 
cases, the prevalence estimate was 5.7%, thus being 
about six times higher. Comparatively, in the age 
group 51–60 years the numbers were 6.2%, 6.4% 
and 16.7%, making the ratio only 2.6 times higher.

Figure 2 illustrates the prevalence estimates 
according to source of diagnosis among all partici-
pants and those who underwent HbA1c screening by 
sex. The proportions of self-reported cases between 
both females and males were similar. Both Table 1 
and Figure 2 show that the cases found through 
HbA1c testing added considerably to the total pre-
valence in the cohort across all age groups for both 
males and females.

Several characteristics of the sub-cohort by case 
status are described in Table 2. These characteristics 

were analysed in uni- and multivariable Cox propor-
tional hazard regression models and the risk esti-
mates are shown in Table 3. In univariable analysis, 
significant associations between education, childhood 
socio-economic level and residence area and early- 
onset diabetes risk were observed. No sex difference 
was seen, and neither was any association between 
general childhood condition nor exposure to starva-
tion in childhood. Multivariable Cox model analysis 
with sex, education and childhood condition factors 
included 28,312 observations with 257 cases. It 
showed that accounting for all the variables, high 
education and urban residence area in childhood 
remained significant risk factors in increasing the 
risk of early-onset diabetes by 50–70%.

Logistic regression analysis to assess whether cer-
tain characteristics influenced the likelihood of 
being tested for HbA1c showed positive association 
to older age (OR 1.03, 95% CI [1.02–1.03]), negative 
associations with being male (OR 0.87, 95% CI 
[0.82–0.92]) and having higher BMI (OR 0.98, 95% 
CI [0.97–0.98]). However, there was no association 

Figure 1. Indonesian family life survey: Number of participants in present study following inclusion and exclusion criteria.

Table 1. Indonesian family life survey: Distribution of diabetes cases (based on self-report and HbA1c test) and prevalence 
estimates in the study cohort by age.

Self-reported Diabetes§ HbA1c Test#

Age groups*

Total15–19 20–30 31–40 41–50 51–60 > 60

+ ≥ 6.5% 0 1 2 13 46 58 120
+ < 6.5% 1 1 7 4 14 24 51
+ NA 1 21 83 140 201 179 625
– ≥ 6.5% 10 29 69 73 97 162 440
– < 6.5% 515 1340 1297 776 784 1376 6088
– NA 2616 6919 7462 5009 3101 2336 27,443

Total tested 526 1371 1375 866 941 1620 6699
Total non-tested 2617 6940 7545 5149 3302 2515 28,068
Total 3143 8311 8920 6015 4243 4135 34,767

Prevalence estimates, based on self-report 
(among all)

0.1% 0.3% 1.0% 2.6% 6.2% 6.3% 2.3%

self-report (among tested) 0.2% 0.1% 0.7% 2.0% 6.4% 5.1% 2.6%
self-report or HbA1c ≥ 6.5% 

(among tested)
2.1% 2.3% 5.7% 10.4% 16.7% 15.1% 9.1%

* Age (in years) in 2014. 
§Self-reported diabetes summarized from overall ‘Diabetes Diagnosis’ variable. 
# At the 5th IFLS HbA1c test was first performed on a sample of a participants (level ≥6.5% = diabetes positive). 
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with self-reported diabetes (OR 0.84, 95% CI [0.70– 
1.01]). Sensitivity analyses results (Supplement 
Table S3) from similar multivariable model with 
cases diagnosed after age 40 excluded or with only 
self-reported cases applied in the sub-cohort showed 
similar risk associations in a slightly larger 

magnitude. Analyses excluding participants who 
either had BMI ≤ 23 kg/m2 or also taking insulin 
as treatment resulted in case reductions (78 and 5, 
respectively), but yielded similar results 
(Supplement Table S4). The addition of BMI in the 
multivariable Cox regression model showed that 

Figure 2. Indonesian family life survey: Diabetes prevalence estimates in the cohort according to self-report and HbA1c 
measurement in different age groups and each sex.

Table 2. Indonesian family life survey: Cohort characteristics defined by diabetes status and age at diagnosis (in years).

Variable
Diabetes 

(age 20–40) (N = 273)
Diabetes 

(age > 40) (N = 937^)
No diabetes 
(N = 30,400)

Total§ 

(N = 31,610)

Birth year Before 1960 14 (5.1%) 609 (65.0%) 5374 (17.7%) 5997 (19.0%)
1960–1969 22 (8.1%) 259 (27.6%) 4904 (16.1%) 5185 (16.4%)
1970–1979 122 (44.7%) 69 (7.4%) 7072 (23.3%) 7263 (23.0%)

1980 − 1989 97 (35.5%) 0 (0.0%) 8900 (29.3%) 8997 (28.5%)
1990 onwards 18 (6.6%) 0 (0.0%) 4150 (13.7%) 4168 (13.2%)

Sex Female 139 (50.9%) 527 (56.2%) 15,868 (52.2%) 16,534 (52.3%)
Male 134 (49.1%) 410 (43.8%) 14,532 (47.8%) 15,076 (47.7%)

Education level Low 71 (26.0%) 501 (53.5%) 11,608 (38.2%) 12,180 (38.6%)
Middle 148 (54.2%) 308 (32.9%) 14,467 (47.7%) 14,923 (47.3%)

High 54 (19.8%) 127 (13.6%) 4281 (14.1%) 4462 (14.1%)
General childhood health condition Poor 22 (8.6%) 65 (8.1%) 2100 (7.7%) 2187 (7.7%)

Fair 64 (24.9%) 200 (24.8%) 8030 (29.4%) 8294 (29.3%)
Good 108 (42.0%) 322 (40.0%) 10,889 (39.9%) 11,319 (39.9%)

Very good 43 (16.7%) 153 (19.0%) 4886 (17.9%) 5082 (17.9%)
Excellent 20 (7.8%) 66 (8.2%) 1379 (5.1%) 1465 (5.2%)

Ever experienced starvation in childhood No 237 (92.2%) 685 (85.0%) 25,002 (91.6%) 25,924 (91.5%)
Yes 20 (7.8%) 121 (15.0%) 2282 (8.4%) 2423 (8.5%)

Childhood 
socio-economic level

Low 32 (12.5%) 98 (12.2%) 3911 (14.3%) 4041 (14.3%)
Middle 145 (56.4%) 408 (50.6%) 13,183 (48.3%) 13,736 (48.5%)

High 80 (31.1%) 300 (37.2%) 10,191 (37.4%) 10,571 (37.3%)
Residential area in childhood Urban 11,335 (56.6%) 75 (42.1%) 324 (42.2%) 11,734 (56.0%)

Rural 8677 (43.4%) 103 (57.9%) 443 (57.8%) 9223 (44.0%)
^ Includes diabetes patients with unknown age at diagnosis (n = 15). 
§ Individuals without diabetes age <20, individuals who reported having diabetes diagnosed at age <20 and women who developed diabetes during 

pregnancy were excluded. 
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BMI was significantly associated with early-onset 
adult diabetes risk and the effects estimates of 
other covariates were in a similar order of magni-
tude (Supplement Table S5).

Discussion

This study utilized the longitudinal IFLS survey data 
that provided health information on a relatively large 
cohort with samples that represented 83% of the 
Indonesian population in 1993 [25,34]. The 2014 
IFLS applied HbA1c blood testing to measure blood 
glucose levels, whose value reflects its history for the 
past 3 months and may be used for diabetes diagnosis 
as well as monitoring [35–38]. Our estimates showed 
that self-reported diabetes prevalence in the cohort 
aged between 15 to 95 years old was 2.3%. HbA1c 
testing performed on a sample of participants in the 
2014 IFLS revealed 8.4% diabetes prevalence, includ-
ing 440 participants with undiagnosed diabetes (6.6% 
of tested individuals), which contributed a substantial 
third of the total prevalence in the cohort. This pre-
valence rate of undiagnosed diabetes found through 
screening was relatively similar to that reported in the 
2013 Indonesian Basic Health Research [6]. 
Prevalence estimate based on self-reported diabetes 
was higher than the 2013 national report [6], possibly 
due to higher presentation of urban residents in the 
IFLS, who have more access to better healthcare. 
However, this and the prevalence estimate among 
HbA1c tested participants were similar to the 2018 
Indonesian Basic Health Research estimates [7], con-
firming an increasing trend over the years [7]. 
Furthermore, profoundly higher diabetes prevalence 
rates found through random testing compared to self- 
report demonstrated in this study, particularly in the 
younger age group (under 50), emphasized the lack of 

awareness of the disease, as has been reported in 
other studies [39,40], and highlighted the potential 
benefit of screening individuals at-risk.

Most of the diabetes cases in the cohort were diag-
nosed at nearly 50 years of age, similar to reports about 
the typically younger age of onset of diabetes among 
Asians compared to Caucasians [12,41]. However, 
about one third of the cases were found by random 
sample HbA1c testing, so the cohort mean age at diag-
nosis could be older if testing had been done after 
symptoms or complications emerged. Nevertheless, 
the presence of heightened HbA1c levels indicated an 
ongoing diabetic condition. This is a particularly alarm-
ing signal because earlier onset diabetes carries a higher 
impact on comorbidities and life quality of the indivi-
duals resulting from the longer disease duration and 
possibly more aggressive course [42–46]. In addition, 
only half of the participants with diabetes reported 
consuming prescribed medication and HbA1c screen-
ing showed persisting high levels in a number of tested 
participants with diabetes. These pointed out the neces-
sity for regular monitoring to ensure that patients 
received adequate therapy and complied to their treat-
ment regiment, in order to prevent premature mortality 
and other complications [36,47].

Interestingly, the findings that approximately third 
of diabetes patients were previously undiagnosed, and 
approximately half were being treated somewhat fit 
the ‘rule of halves’ for chronic diseases in the com-
munity proposed in the early 1970’s. In case of this 
phenomenon, measures to improve case finding, 
management and monitoring would require orga-
nized efforts and substantial cost, but indispensable 
to achieve significant disease reduction [48].

Subsequent analyses focusing on early-onset dia-
betes risk indicated that high education and urban 
residential area in childhood posed higher risks for 

Table 3. Indonesian family life survey: Uni- and multivariable Cox regression analyses on sex and childhood conditions, Indonesia 
<1993 – 2014 > .

Outcome: 
Early-onset Diabetes Levels n (%)

HR § 

(Univariable)
HR § 

(Multivariable)°

Sex Female 16,534 (52.3) 1 1
Male 15,076 (47.7) 1.03 (0.81–1.30, p = 0.83) 0.98 (0.77–1.25, p = 0.883)

Education level Low 12,180 (38.6) 1 1
Middle 14,923 (47.3) 2.67 (2.01–3.55, p < 0.001) 1.34 (0.95–1.87, p = 0.094)

High 4462 (14.1) 3.49 (2.45–4.98, p < 0.001) 1.67 (1.10–2.52, p = 0.015)
General health in childhood Poor 2187 (7.7) 1.00 (0.63–1.58, p = 0.999) 1.11 (0.69–1.80, p = 0.666)

Fair 8294 (29.3) 0.83 (0.61–1.13, p = 0.237) 0.82 (0.60–1.11, p = 0.199)
Good 11,319 (39.9) 1 1

Very good 5082 (17.9) 0.95 (0.66–1.35, p = 0.762) 0.85 (0.60–1.21, p = 0.375)
Excellent 1465 (5.2) 1.34 (0.83–2.16, p = 0.232) 1.48 (0.92–2.39, p = 0.105)

Ever experienced starvation in childhood No 25,924 (91.5) 1 1
Yes 2423 (8.5) 0.67 (0.42–1.05, p = 0.083) 1.23 (0.76–1.99, p = 0.397)

Childhood socio-economic level Low 4041 (14.3) 0.72 (0.49–1.05, p = 0.088) 0.87 (0.58–1.29, p = 0.488)
Middle 13,736 (48.5) 1 1

High 10,571 (37.3) 0.65 (0.49–0.85, p = 0.002) 0.82 (0.62–1.09, p = 0.165)
Residence area in childhood Rural 11,734 (37.1) 1 1

Urban 9223 (29.2) 1.67 (1.24–2.25, p = 0.001) 1.51 (1.08–2.10, p = 0.016)
Unknown 10,653 (33.7) 1.59 (1.17–2.15, p = 0.003) 0.97 (0.71–1.33, p = 0.853)

§ HR – hazard ratio stratified by birth year and include household as clusters. 
° Multivariable model: n = 28,312; n cases = 257. 
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the young adults. The finding that high education was 
related to increased diabetes risk is in line with the 
concept of stage 1 obesity epidemiology transition 
[49] and results from other studies showing that in 
low- and middle-income countries, in contrast to 
high-income countries [50], higher education was 
pertinent to higher type 2 diabetes risk [51]. Better 
education in developing countries could mean higher 
socio-economic status and improved life quality, but 
this could also present health disadvantages due to 
the change to more sedentary jobs and animal-based 
nutrition. Furthermore, living in urban areas exposed 
residents to faster economic development changes 
that could increase diabetes risk by promoting over-
weight and obesity, such as more access to unhealthy 
fast-foods, sedentary lifestyle (less walking and more 
usage of motorized vehicles), imbalanced diet (high 
energy-dense foods) and environmental pollution 
[12,18,41,52]. Our analysis showed that these expo-
sures were not only important as adults, but also as 
children. It is likely that such early and prolonged 
exposure assisted in establishing unhealthy lifestyle 
and accumulated risk as adults.

Self-reported childhood general health, exposure 
to starvation and socio-economic level were not asso-
ciated with early-onset diabetes risk in this cohort. 
Exposure to starvation in childhood showed 
a protective effect tendency in univariable analysis, 
but the opposite when fit in a multivariable model. 
Since the variance of these estimates was large, 
further interpretation was not possible. 
Experiencing malnutrition in utero and in infancy 
and then being able to obtain better nutrition in 
later life have been associated with higher diabetes 
risk in later life [53–55]. Low childhood socio- 
economic status also might increase diabetes risk as 
adults [56], although other evidence has shown that 
adult socio-economic status could be more relevant 
[57,58]. In this cohort the information was based on 
the subjects’ recollection as a child, so the result 
could be affected by recall bias. In addition, the status 
was estimated based solely on type of parent occupa-
tion that did not allow for further distinction in 
household income as another socio-economic indi-
cator. The age of starvation exposure was also not 
considered in the analysis, and this could well have 
obscured any existing effect of early-life starvation. 
Furthermore, the change to higher socio-economic 
status in later life, which could better capture the 
influence on diabetes manifestation, could not be 
ascertained from the data.

In the multivariable model, high compared to low 
education and urban childhood residence area 
remained significant risk factors for early-onset dia-
betes. Each of this aspect contributed approximately 
60% larger risk in the young adults. These results 
supported the notion that childhood conditions had 

important roles in diabetes development in 
Indonesia. It underlined the risks for young urban 
dwellers and highlighted the opportunity for targeted 
diabetes intervention and prevention measures, as 
previous studies have indicated geographical variabil-
ity in diabetes prevalence in Indonesia [59]. In 2015, 
the government set a national policy to tackle the 
increasing number of non-communicable diseases 
including diabetes by establishing primary and sec-
ondary prevention (disease management) programs 
at local government health clinics and health promo-
tion campaigns [60]. However, operations have been 
hindered by inadequate staff training and constrained 
resources [61,62]. Taking the findings in this study 
into account could assist in prioritizing regions where 
the population was most vulnerable for strategic 
resources allocation. Moreover, recognizing early-life 
developmental factors as risk factors would facilitate 
risk reduction at an earlier stage, particularly for 
factors that could lead to unhealthy behaviour and 
more challenging to modify once ingrained [63]. 
Therefore, it would also be prudent and effective to 
incorporate diabetes awareness in existing mother 
and child health programs in the country.

Our sensitivity analyses demonstrated some differ-
ences in risk estimates depending on whether the 
cohort was restricted to only HbA1c level-tested indi-
viduals. It is likely that the discrepancy is caused by 
the much smaller number of tested individuals and 
cases. However, it is also possible that the higher risk 
estimates seen in the whole cohort was driven by 
larger number of self-reported cases by participants 
living in urban areas. Further studies with more 
comprehensive laboratory confirmed diabetes diag-
nosis, including C-peptide level to distinguish type 1 
diabetes [64], is warranted to investigate these 
associations.

There are limitations to this study that need to be 
addressed. Firstly, the secondary data analyzed here 
were not specifically designed to assess the risk of 
diabetes in relation to early-life or childhood devel-
opmental factors. This presented certain challenges, 
one being missing values in several variables of inter-
est, most notably those collected from the mothers of 
the subjects. The missing values were unlikely to be 
related to the outcome. However, substantial bias 
may exist and it needs to be taken in consideration 
when interpreting the findings. In addition, the pre-
sence of high BMI prior to diagnosis, a major dia-
betes risk factor, could not be clarified in all 
participants. Our sensitivity analysis with available 
BMI values in the multivariable model indicated 
that BMI could likely be a modifier in the pathway 
linking high education and childhood urban resi-
dence with early-onset diabetes. Another challenge 
was that the majority of cases were based on self- 
report and it was not possible to ascertain the 

GLOBAL HEALTH ACTION 7



diabetes type. We assumed that most cases in our risk 
analysis were type 2 diabetes, as we excluded those 
diagnosed before age 20 and there were extremely 
low prevalence rates of other diabetes types ever 
reported in Indonesia and the region [65–67]. 
Moreover, the true number of cases in the cohort is 
likely to be higher than reported here, and this might 
have caused bias in the risk estimates. Lastly, the 
blood HbA1c testing applied for diagnostic criteria 
could be influenced by factors such as certain drugs 
and illnesses [68]. However, the extent of any effects 
was beyond the scope of this study.

Conclusion

Based on a large adult cohort, this study demon-
strated evidence that there was a consequential 
issue of diabetes in Indonesia, where most cases 
remained presumably undiagnosed. In a country 
with more than 170 million adults, an approxi-
mated prevalence of 8% would tremendously add 
to the local and global diabetes burden of disease. 
Increasing awareness of the illness and its risk 
factors in both health providers and the public, as 
well as targeted screening on individuals at-risk 
could improve timely diagnosis and prevent severe 
complications. To the best of our knowledge, this is 
the first study that applied HbA1c measurement to 
estimate diabetes, including undiagnosed, preva-
lence and subsequently investigated childhood 
development factors as potential early-onset adult 
diabetes risk factors in a large Indonesian cohort. 
The findings here showed that living in urban areas 
as children, together with high education, increased 
the risk of early-onset diabetes. In a country where 
resources are limited and diabetes prevalence vary 
geographically, integrating these findings into exist-
ing diabetes control and child health programs 
could assist in directing their efforts into areas 
where they would be most effective and efficient. 
In addition, the IFLS has integrated childhood data 
collection into their survey, and although detailed 
early-life and specific-disease pertinent information 
was somewhat limited, it would be a major advan-
tage for researchers to utilize such a readily avail-
able large dataset. The results could ideally support 
life-course public health actions towards mitigating 
the consequent burden of non-communicable 
diseases.
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